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DESCRIPTION 

This application is a U.S. National Phase Application under 35 USC 
371 of International Application PCT/JP03/08018 filed on June 25 2003. 

TUBE FOR HEAT EXCHANGER 



TECHNICAL FIELD 

The present invention relates to tubes for a heat exchanger 
10 communicating between tanks of the heat exchanger and allowing heat 
exchange medium to flow, and especially relates to tubes each of which is 
formed by cutting a flat pipe and inner fin provided in the flat pipe at the 
forming of the flat pipe at the same time. 



1 5 BACKGROUND ART 

In recent air-conditioning units, it is considered to decrease 
volumetric flow of coolant in a refi^igerating cycle to design a reduction 
of compressor's power as requirement for saving power and fiiel 
efficiency. Thus, in a heat exchanger, it is desired to increase a heat 

20 exchanging efficiency so as to gain a heat exchanging ability more than 
of the prior heat exchanger in a less volumetric flow of coolant. Under 
thus condition, though coolant distribution in the heat exchanger 
influences on the heat exchanging efficiency largely, it is difficult to find 
an effective improvement plan for temperature distribution at the small 

25 volumetric flow due to the structure in a prior drawn cup type heat 



exchanger in which a tank is provided only in one side thereof. Therefore, 
the heat exchanger is in course of shifting from one side tank type of the 
heat exchanger to a both tank type heat exchanger which has tanks in 
both sides thereof these days. 
5 Furthermore, there is a case that it is obhged to provide various 

incidental equipments around an air conditioning unit. In thus case, 
because minimization of the air conditioning unit is required, 
minimization of the heat exchanger is more necessary with this 
requirement. Accordingly, it becomes more important problem to secure 
10 the heat exchanging ability more than in prior heat exchangers with 
satisfying the requirement for minimization of the heat exchanger. 

Though various improvements of the heat exchangers are 
considered from the above-mentioned point, above all, it is recognized as 
an effective means to improve a tube structure. About the improvement of 
15 the tube structure, it is desired to make an equivalent diameter of a flow 
path smaller as well as promoting flattening of the tube, and further it is 
considered as an effective means to provide inner fin in a flat pipe. 

In the case of forming this tube, a flat pipe with a specific length 
is formed in advance and inner fin are inserted into the flat pipe and 
20 brazed so far. However, according to this method, there is disadvantage 
that productivity becomes worse because the inner fin must be inserted 
into every flat pipe. 

Accordingly, this applicant adopts a method for producing tubes 
by a roll forming in order to resolve the above disadvantage. This is that a 
25 material for a flat pipe is rolled up so as to cover the inner fin, a flat pipe 
A is formed while including the inner fin B in the flat pipe as shown in 
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Fig. 10, and then a tube D with a specific length is formed by inserting a 
cutting blade C from one side in a width direction thereof to cut the flat 
pipe A together with the inner fin B. 

However, because a shape of a prior tube is determined only in a 
view point that the included inner fm makes an equivalent diameter of the 
flow path smaller, as shown in Fig. 10, there is a disadvantage that the 
inner fm B are deformed extremely and the flow path with small 
equivalent diameter can not be formed because the inner fin B get out of 
position in an arrow direction illustrated with a broken line (a width 
direction of the tube) by the cutting blade C when the cutting blade C 
inserted from the width direction in the case of forming the inner fm in, 
for instance, a corrugated shape. 

It is considered that this disadvantage is caused by that stif&iess to 
a width directional force of the inner fm itself, stif&iess to a binding force 
by the flat pipe from a thickness direction thereof, and fiirther a contact 
resistance to a width directional force at a contacting portion between the 
inner fm and the flat pipe are not secured because a shape of the inner fm 
is determined only in a view point that the equivalent diameter of the 
flow path is reduced. 

Therefore, in this invention, it is a main object to provide tubes 
for a heat exchanger which can prevent much deformation of the inner fin 
to secure a flow path with a small equivalent diameter in the flat pipe in 
the case of cutting the inner fm included in the flat pipe together with the 
flat pipe in the width direction. 

More concretely, the object of the invention is to provide tubes for 
a heat exchanger so as to increase the stiffness to the width directional 



force of the inner fin itself and the stiffiiess to the binding force by the 
flat pipe in the thickness direction thereof, and further to enlarge the 
contact resistance to a width directional force at a contacting portion 
between the inner fin and the flat pipe. 

DISCLOSURE OF THE INVENTION 

In order to achieve the above object, a tube for a heat exchanger 
according to th^ prnn,>nt inT^mntinn hnr , n constituted of a flat pipe whose 
both ends are opened and in which a flow path for a heat exchanging 
medium is formed, and an inner fin provide d arranged in the flow path of 
the flat piper and v^^^^ rnnr.titntcd of a formed sepa r atel y f rom th e flat 
p i pe thinner than thickness of the fl at nine, wherein the flat pipe is 
constituted by a sheet of a-material for a flat pipe, m4As characterized in 
that the inner fin is constituted of two opposing flat plate portions 
connected along one of side edges of the flat pipe and is-formed in a flat 
plate shape so as to be in contact with thean inner surface of the flat pipe, 
and projection portions which pyfljeetare projected from at least one of 
the flat plate portions and whose tops are in contact with the other 
opposing flat plate portion ., and the tube is formed bv cutting the flat 
pipe together with the inner fin. 

Accordingly, because the inner fin including in the flat pipe is that 
two opposing flat plate portions are in contact with the inner surfaces of 
the flat pipe, it is possible to increase the stiffness to the width directional 
force of the inner fin itself and the contact resistance to the width 
directional force at the contact portion between the inner fin and the flat 
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pipe, and further because the projection portions in contact with the inner 
surface of the opposing flat plate are formed in at least one of the flat 
plates, it is possible to increase the stiffness to the binding force by the 
flat pipe in the thickness direction, as a result, it is possible to prevent the 
disadvantage such that significant deformation of the inner fm is occurred 
at the time of cutting the flat pipp. Furthermore, as the inner fm is formed 
thinner than thickness of the flat pipe , it is preferred in that a path 



resistance of the flow path is made small. 



Dooidoo, a tube for a boat oxchangor according to tho present 



invention has a flat pipe who s e both ends are opened and in which a flow 



path for a hoat exchanging medium io form e d, and an inner fm provided 



At this point, the projection portion mav be formed in a shape 



such as to focus against a top thereof B esides, it is preferred to design to 



make t he finw pntli nf tube thinner that t he aforementioned flat pipcj and 



which is constitutod of a phcct of a material for a flat pipe, wherein the 



inner fm may bo constitutod of two opposing flat plate portions connected 
along on e of sido edges of the flat pipe and is formed in a flat plate shape 
so as to bo in contact with the inner surface of the flat pipe, and 
projection portions which project from both flat plato portions toward the 
opposing flat plato portion and the opposing tops of which are mad© 
como into contact with oach other. 

Accordingly, in thus constitution, bocauso two opposing flat plate 

portions are in contact with tho inner surface of tho flat pipe, it is possible 
to increase tho otiffiiess to the width dir e ctional force of tho inner fm 
itself and tho contact resistance to tho width directional force at the 
contact portion between tho inner fm and the flat pipe, and further 
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bocauGO the topa of tho projoction portiono which aro projoctod from one 
of tho both flat plateo to the opposing flat plato aro in contact with on e 
gnthor, it io popQiblo to incroaoo tho otiffaooo to tho binding force by the 
flat pipe in tho thiclmesp direction, ao a roouh, it io poooiblo to provont th e 
disadvantage such that aignificant deformation of the inner fin io occurred 
at tho time of cutting tho flat pipe. 

The projection portionG may be conatitutcd of folded portions 

which are folded oo ao to abut, and the topo of them may be formed flatly. 
DoGidoG, a croGO oectional ahapo of the projection portion may bo formed 
ao aG to focuG against the top portion thereof 

Tho above mentioned tubo has a conotitution available to a case of 

forming by im^olving tho inner fm in tho flat pipe at the time of forming 
tho plate pipe and maldng tho flat plateo of it be in contact with inner 
surface of tho flat pipe, and cutting the flat pipo with the inner fin. 

Bcsidoo, it io preferred when a oaving thiclmeso of the tube io 

designed that the above mentioned flat pipe and inner fm are 
ben^e dbrazed by a brazing material cladded on the inner fin. 
FurthermoreAlso, it is preferred wh^ in that a corrosion proof of the 
tube is increased that a sacrificial erosion l ayer is cladded on aH-the_outer 
surface of the flat pipe. Moreover, it is preferred when flow reoistanco of 
the flow path is docreaoed that tho inner fin io formed thinner than 
thiolcnesG of tho flat pipe. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 illustrates a constitutional example of a heat exchanger 

using tubes according to the present invention, (a) is a front view thereof. 



and (b) is a side view shown from a side on which an intake and outlet of 

coolant are provided. 

Fig. 2 is a diagram showing each part of the heat exchanger 
shown in Fig. 1, Fig. 2 (a) is a cross sectional view cut by a I-I line in Fig. 
5 1 (a), Fig. 2 (b) is a cross sectional view cut by a II-II line in Fig. 1(a), 
and Fig. 2 (c) is a cross sectional view cut by a III-III line in Fig. 1 (b). 

Fig. 3 (a) is a cross sectional view showing a tube structure 
example which is constituted by involving the inner fm to the flat pipe 
before cutting, and Fig. 3 (b) is a cross sectional view showing an inner 
10 fm used in the tube in Fig. 3 (a). 

Fig. 4 is a diagram showing a forming process of a flat tube. 
Fig. 5 (a) is a cross sectional view showing an improved example 
of Fig. 3 (a) and showing a tube before cutting, and Fig. 5 (b) is a cross 
sectional view showing an inner fin using in the tube in Fig. 5 (a). 
15 Fig. 6 (a) is a cross sectional view showing another tube structure 

example constituted by involving an inner fm in the flat pipe, and Fig. 6 
(b) is a cross sectional view showing an inner fm used in the tube in Fig. 
6 (a). 

Fig. 7 is a diagram showing an improved example of Fig. 6 (a), 
20 Fig. 7 (a) is a diagram showing a condition that a gap a is formed 
between a folded portion 16c of the flat pipe and a connecting portion 
17a, Fig. 7 (b) is a diagram showing an example that a side of a 
connected tab 16d of the flat pipe faces to a connecting portion 17a and 
the connected tab 16d is in contact with the connecting portion 17a, and 
25 Fig. 7 (c) is a diagram showing an example that a side of a connected tab 
16d of the flat pipe faces to a connecting portion 17a and a gap p is 

7 



formed between the connected tab 16d and the connecting portion 17a. 

Fig. 8 (a) is a cross sectional view illustrating a tube before 
cutting showing an improved example of Fig. 6 (a), and Fig. 8 (b) is a 
cross sectional view showing an inner fin used in the tube in Fig. 8 (a). 

Fig. 9 (a) is a cross sectional view illustrating an another tube 
structure example before cutting which is constituted by involving an 
inner fm into the flat pipe, and Fig. 9 (b) is a cross sectional view 
showing the inner fin used in the tube. 

Fig. 10 is a diagram illustrating a method such as to cut the prior 
forming tube by a cutting blade C. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, a working mode of the present invention is explained 
due to drawings. In Figs. 1 and 2, a heat exchanger 1 is, for instance, to 
be used as an evaporator constituting a part of a reMgerating cycle, and 
provided with a pair of tanks 2, 3, a plurality of flat tubes 4 
communicating between the pair of tanks 2, 3, corrugated fins 5 inserted 
and connected between the tubes 4 and an intake 6 and ouflet 7 of coolant, 
and constituted by having a side tank 8 communicating with the tank. 

Hereinafter explaining about one of the tanks 3 because the tanks 
2, 3 are located so as to face to each other with a specific distance and 
they have a basically similar structure except for a structure in middle 
portions thereof. The tank 3 is, as shown in Fig. 2 (b), constituted of an 
end plate 11 in that tube insertion holes 10 in each of which an opening 
end portion 4a of the flat tube 4 is inserted and connected are formed, a 
tank plate 12 engaging with the end plate 1 1 and constituting a cylindrical 
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body together with the end plate 11, and caps 13 which blockades 
opening end portions of the cylindrical body constituted of the end plate 
1 1 and the tank plate 12. An inner portion of the tank 3 is divided to tank 
spaces 3a, 3b in front and behind in a ventilation direction (a width 
5 direction) by a partition plate 1 1 which is formed unitedly to the end plate 
11 and extends in a laminating direction. 

Besides, the inner portions of the tanks 2, 3 are divided at specific 
positions in the laminating direction according to a number of passes of 
heat exchanging medium. In this embodiment, the lower tank 3 is divided 
10 in a middle of the laminating direction and a cap 14 is arranged in the 
divided portion, so that four-pass type heat exchanger that the heat 
exchanging medium is flown four times between the tanks as a whole is 
constituted. 

The side tank 8 is formed together with an inflow passage 8a and 
15 an outflow passage 8b unitedly by extrusion and connected with each of 
the end plate 11 of the tanks 2, 3. The inflow passage 8a is connected 
with a tank portion locating at an upper stream side and the outflow 
passage 8b is connected with a tank portion located at a downstream side 
according to the number of passes. In the four-pass type heat exchanger 
20 shown in this embodiment, the inflow passage 8a is communicated with 
one tank space 3a of the tank 3 and the outflow passage 8b is 
communicated with another tank space 3b of the tank 3. 

Accordingly, coolant transferred from an expansion valve not 
shown in figures is flown into an upper stream portion of the tank 3 via 
25 the side tank 8 and moved between the tanks 2, 3 via the flat tubes 4, 
exchanging heat with an air passing through the fins 5 in this process. 
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And then, the coolant is flown out of a downstream portion of the tank 3 
via the side tank 8 finally. 

Each of the flat tube 4 is that both ends inserted into the tanks 2, 3 
is opened, as shown in Fig. 3, and is constituted by housing an inner fin 

5 17 in a flat pipe 16 in which a path 15 for heat exchanging medium is 
formed. The flat pipe 16 is formed by a roll forming from a sheet of a 
material for flat pipe constituted by a metal with good heat conduction 
such as aluminum, wherein flat portions 16a, 16b facing each other are 
formed. In this embodiment, the material for flat pipe is doubled in an 

10 axis along a longitudinal direction thereof, a bending portion 16c is 
formed at one end in a width direction thereof, and a connected tab 16d is 
formed at another end in the width direction. 

The inner fin 17 included in the flat pipe 16 is constituted of a 
connecting portion 17a formed along one of side edges of the flat pipe 16, 

15 both flat plate portions 17b, 17c formed in a flat shape and facing each 
other which are connected each other via the connecting portion 17a and 
are in contact with inner surfaces of the flat portions 16a, 16b, projection 
portions 17d each of which is projected from one of the flat plate portions 
17b, 17c to the other of the flat plate portions 17b, 17c and whose tops 

20 are in contact with an inner surface of the opposing flat plate portion. 

In this embodiment, each of the flat plate portions 17b, 17c is 
formed in the approximately same width as the path 15, and each of the 
projection portions 17d is constituted of a folded portion which is folded 
so as to come into contact. The projection portions 17d are formed in 

25 plural at specific intervals in both flat plate portions 17b, 17c, wherein 
each of tops is in contact with an inner surface (an opposite surface to a 
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side which the inner surface of the flat pipe 16 is in contact with) of the 
opposite flat plate portion 17b, 17c, so that the path 15 in the flat pipe is 
divided into a plurality of small flow paths 15a whose equivalent 

diameters are small. 

Besides, the inner fin 17 used here is that brazing material is 
claded on both sides thereof and the inner fm 17 is set thinner than 
thickness of the flat pipe 16. Furthermore, a sacrificial layer is provided 
on an outer surface of the flat pipe 16 in order to increase a corrosion 
proof Note that it is possible that the inner fm is made of a bare material 
owing to using capillarity arising at the time of melting brazing material 
of the tank. 

The flat tube 4 formed thus is, as shown in a forming process 
example in Fig. 4, formed by involving the inner fm 17 shown in Fig. 3 
(b) which is formed another process so as to cover the inner fm 17 with 
the material for flat pipe on the way of the process for forming the flat 
pipe 16 by the roll forming, namely in the process for forming in a tube 
shape by folding so as to roll up the material for flat pipe, and cutting the 
flat pipe 16 together with the inner fin 17 at a specific length. Then, the 
cut flat pipes 16 are installed to the tube insertion holes 10 of the tanks 2, 
3 and the fins are inserted between the tubes to assemble as a heat 
exchanger, and the assembled heat exchanger is fixed by jigs as a whole 
and inserted into a fiimace, so that the connected tabs 16d of the plat pipe 
16 are brazed and the inner fins 17 are brazed on inner surfaces of the flat 
pipes 16 by brazing materials claded on the inner fins 17 themselves, 
respectively. 

In the above mentioned structure, in the cutting process before 
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brazing, though the tubes are in a condition such as to be held from 
outside thereof and force is applied to the inner fin 17 in a width direction 
of the tube 4 by inserting the cutting blade, the stiffness to the force in the 
width direction of the inner fin itself can be increased because each of the 
inner fins has two flat plate portions 17b, 17c opposing each other which 
are connected via the connecting portion 17a, and it is possible that 
contact resistance at contact portions between the inner fin 17 and the flat 
pipe 16 becomes large because the flat plate portions 17b, 17c are in 
contact with the inner surface of the flat pipe 16 in a surface contact. 
Moreover, because each top of the projection portions 17d formed on 
each of the flat plate portions 17b, 17c comes in contact with the inner 
surface of the opposite flat plate portion, stiffness in a thickness direction 
of the flat pipe 16 can be increased. Therefore, disadvantage that the 
inner fin 17 is deformed extremely so as to shift the inner fin 17 largely 
in the width direction can be decreased and it is possible to secure a 
plurality of the small flow paths 15a whose equivalent diameters are 

small in the flat pipe. 

Another embodiment of the inner fin 17 included in the above flat 
pipe 16 is shown in Fig. 5. This inner fin 17is constituted so that the 
projection portions 17d are formed only in one of the flat plate portions 
17b, another of the flat plate portions 17c is constituted of a continuous 
flat surface in contact with the flat portion 16b of the flat pipe 16, and the 
top of each projection portion 17d is in contact with the inner surface (a 
opposite surface to the side which the inner surface of the flat pipe 16 is 
in contact with) of the flat plate portion 17c. The projection portions 17d 
used in this embodiment are formed in the flat plate portion 17b at a 
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specific pitch which is an approximately half pitch in the projection 
portions 17d formed in the flat plate portions 17b, 17c in the 
aforementioned structure so as to make an equivalent diameter of the 
small flow path 15a approximately similar to the aforementioned 

5 structure example. 

Also in thus structure, two flat plate portions 17b, 17c facing each 
other and connected via the connecting portion 17a are in contact with 
the inner surface of the flat pipe 16 by a surface contact, so that the 
stiffness to the force in the width direction of the inner fin itself can be 
10 increased and the contact resistance at the contact portion between the 
inner fin 17 and the flat pipe 16 can be enlarged. Accordingly, also in this 
embodiment, disadvantage that the inner fin 17 is deformed extremely so 
as to shift the inner fin 17 largely in the width direction can be decreased 
and it is possible to secure a plurality of the small flow paths 15a whose 
15 equivalent diameters are small in the flat pipe. 

The other structure example of the inner fin 17 included in the 
aforementioned flat pipe 16 is shown in Fig. 6. In this inner fin 17, each 
of the projection portions 17d is formed in a trapezoidal shape in a cross 
sectional view by a top portion 17d-l formed flatly and constructing 
20 portions 17d-2 constructing between the top portion 17d-l and the flat 
plate portion (17b or 17c). In this embodiment, the projection portions are 
formed in both of the flat plate portions 17b, 17c in plural at specific 
intervals, and each top of them is in contact with the inner surface (a 
opposite surface to the side which the inner surface of the flat pipe 16 is 
25 in contact with) of the flat plate portion opposing thereto so as to divide 
the flow path 15 to a plurality of small flow paths 15a whose equivalent 
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diameters are small. Note that the other components are similar to ones of 
the aforementioned structure examples, so that the explanation is omitted 
by marking the same reference number to the same parts respectively. 

In thus structure, two flat plate portions 17b, 17c facing each other 
and connected via the connecting portion 17a are in contact with the 
inner surface of the flat pipe 16 by a surface contact, so that the stiffness 
to the force in the width direction of the inner fm itself can be increased 
and the contact resistance at the contact portion between the inner fin 17 
and the flat pipe 16 can be enlarged. Furthermore, because the tops 17d-l 
of the projection portions 17d are formed in a flat shape and are in 
contact with the inner surface of the opposite flat plate portion, the 
contact resistance between the projection portions 17d and the flat plate 
portions 17b, 17c can be enlarged, and the stiffness to the force in the 
thickness direction of the flat pipe can be increased. Accordingly, 
disadvantage that the inner fm 17 is deformed extremely so as to shift the 
inner fin 17 largely in the width direction can be decreased and it is 
possible to secure a plurality of the small flow paths 15a whose 
equivalent diameters are small in the flat pipe. Besides, in the 
aforementioned shape, the contact resistance is large at a contact portion 
between each of the projection portions of the inner fm and the flat 
portion, so that cutting that deformation is small can be achieved even if 
the connecting portion of the inner fin is not in contact with the inner 

surface of the flat pipe. 

Besides, the aforementioned constructing portion 17d-2 is 
preferred that an angle of inclination thereof to the flat plate portion 17b, 
17c is set within a range of 45° - 90° since cutting of inner fin 17 is 



14 



facilitated and it is necessary to secure the equivalent path with a small 
equivalent diameter, the aforementioned constructing portion 17d-2, and 
the equivalent diameter of each small flow path 15a defined by the inner 
fin 17 is set within a range of 0.7 mm - 1.5 mm when height of the tube is 
set within a range of 1.5 mm - 2.3 mm, thickness of the flat pipe is set 
within a range of 0.15 mm - 0.25 mm, and plate thickness of the inner fin 
is set within a range of 0.06 mm - 0.13 mm. According to setting the 
angle of inclination in the constructing portions 17d-2 within the above 
range, the stif&iess of the constructing portions 17d-2 of the inner fin 17 
is secured, so that the cutting by the cutting blade becomes easy. 

Moreover, in the aforementioned structure, improvement as shown 
in Fig. 7 may be adopted. Namely, though the structure shown in Fig. 6 is 
that a folding portion 16c in the flat pipe 16 of the tube 4 is in contact 
with the connecting portion 17a of the inner fins 17, a gap (a) may be 
formed between the folding portion 16c and the connecting portion 17a 
so as to form a play between them. It is confirmed that bad brazing in the 
inner fin is hard to occur rather than the above structure example that the 
folding portion 16c is in contact with the connecting portion 17a. 

Furthermore, in the aforementioned structure, the inner fin 17 is 
housed in the flat pipe 16 so as to oppose the folding portion 16c of the 
flat pipe 16 to the connecting portion 17a of the inner fin 17, but the inner 
fin 17 may be housed so as to oppose the connected tab 16d of the flat 
pipe 16 to the connecting portion 17a of the inner fin 17 by reversing the 
inner fin 17. Namely, the inner fin 17 may be housed so that the 
connecting portion 17a comes in contact with the connected tab 16d, or 
so that a gap (p) is formed between the connected tab 16d and the 
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connecting portion 17a to form a play between them. In thus structure, it 
is confirmed that bad brazing in the inner fm is hard to occur. 

Fig. 8 shows the other improvement of the inner fm 17 shown in 
Fig. 6 which is included in the flat pipe 16. In this inner fm 17, the 
5 projection portion 17d has a cross-sectional shape so as to focus against a 
top thereof, namely is formed in a triangle shape in a cross section such 
that tops of both constructing portions 17d-3 inclining to the flat plate 
portions are abutted each other in this example. Thus projection portions 
17d are also formed in both flat plate portions 17b, 17c in plural at a 
10 specific intervals, and each top of them is in contact with the inner 
surface (a opposite surface to the side which the inner surface of the flat 
pipe 16 is in contact with) of the flat plate portion opposing thereto so as 
to divide the flow path 15 to a plurality of small flow paths 15a whose 
equivalent diameters are small. Note that the other components are 
15 similar to ones of the aforementioned stiiicture examples, so that the 
explanation is omitted by marking the same reference number to the same 

parts respectively. 

Accordingly, also in this example, two flat plate portions 17b, 17c 
facing each other and connected via the connecting portion 17a are in 

20 contact with the inner surface of the flat pipe 16 by a surface contact, so 
that the stiffness to the force in the width direction of the inner fm itself 
can be increased and the contact resistance at the contact portion between 
the inner fin 17 and the flat pipe 16 can be enlarged. Because the tops of 
the projection portions 17d are in contact with the inner surface of the 

25 opposite flat plate portion, the stif&iess to the force in the thickness 
direction of the flat pipe can be increased. Therefore, disadvantage that 
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the inner fin 17 is deformed extremely so as to shift the inner fm 17 
largely in the width direction can be decreased and it is possible to secure 
a plurality of the small flow paths 15a whose equivalent diameters are 
small in the flat pipe. 

Another improvement of the inner fm 17 is shown in Fig. 9. In 
this inner fm 17, projection portions 17d are formed from both flat plate 
portions 17b, 17c to the opposite flat plate portions respectively and the 
tops of the projection portions 17d are in contact with the tops opposite 
thereto. In this embodiment, the projection portions 17d are formed by 
folding portions which are folded so as to be in contact with one another 
and the tops which face one another are in contact with one another, so 
that the flow path 15 is divided to a plurality of small flow paths 15a with 
small equivalent diameters respectively. Note that the other components 
are similar to ones of the aforementioned structure examples, so that the 
explanation is omitted by marking the same reference number to the same 

parts respectively. 

Accordingly, in thus structure, two flat plate portions 17b, 17c 
facing each other and connected via the connecting portion 17a are in 
contact with the inner surface of the flat pipe 16 by a surface contact, so 
that the stiffness to the force in the width direction of the inner fm itself 
can be increased and the contact resistance at the contact portion between 
the inner fin 17 and the flat pipe 16 can be enlarged. Because the tops of 
the projection portions 17d are in contact with the inner surface of the 
opposite flat plate portion, the stiffness^ to the force in the thickness 
direction of the flat pipe can be increased. Therefore, disadvantage that 
the inner fm 17 is deformed extremely so as to shift the inner fm 17 
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largely in the width direction can be decreased and it is possible to secure 
a plurality of the small flow paths 15a whose equivalent diameters are 
small in the flat pipe. 

Besides, in the structure shown in Fig. 9, though the example that 
abutted projection portions are constituted of the folding portions is 
shown, if the small flow paths with available equivalent diameters can be 
formed, each projection portion may be made in the approximately 
trapezoidal shape in a cross section as shown in Fig. 6, or may be made in 
the approximately triangle shape in a cross section as shown in Fig. 8, 
and further the tops which face one another may be abutted. 

INDUSTRIAL APPLICABILITY 

As above mentioned, according to this invention, because an inner 
fin arranged in a flow path of a flat pipe is constituted of two opposite 
flat plate portions formed in a flat plate shape so as to be connected along 
one of side edges of the flat pipe and be in contact with an inner surface 
of the flat plate portion, and projection portions which project from at 
least one of the flat plate portions and whose tops are in contact with 
another of the opposite flat plate portions, or constituted of two opposite 
flat plate portions formed in a flat plate shape so as to be connected along 
one of side edges of the flat pipe and be in contact with an inner surface 
of the flat plate portion, and projection portions which project from both 
of the flat plate portions and whose tops are in contact with one another, 
stiffness to a force in a width direction of the inner fin, the contact 
resistance to the force in the width direction at a contact portion between 
the inner fin and the flat pipe, and further stiffness to restricting force in a 
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thickness direction by the flat pipe can be increased, as a result, in the 
case of cutting the flat pipe in the condition that the inner fin is includd, it 
is possible to be hard to shift the inner fin and it is possible to secure a 
plurality of paths, whose equivalent diameters are small, in the flat pipe. 
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